The host range of the virulent bacteriophage Cog among several strains of amino acid-producing corynebacteria is limited to Corynebacterium glutamicum LP-6. Cog is a typical corynephage of the Siphoviridae family (B1 morphotype) with an isometric head of 52 nm and a medium length, striated tail of 190nm. It has a linear genome of 39-7 kb with cohesive ends and 53% G+C; a restriction map is presented, including regions of DNA homology (by hybridization) with the inducible phage particle ~GA1 from Brevibacterium flavum.
Introduction
Considerable losses caused by bacteriophage infections are quite common in industrial fermentation processes based on specialized bacterial cultures (Sanders, 1987) , be they mixed cultures as, for example, in many processes in the dairy industry (Teuber & Loof, 1987) , or typical monocultures as in the production of amino acids by corynebacteria (Hongo et al., 1972) . However, whereas much is known about the 'dairy' phages (Coveney et al., 1987; Braun et al., 1989) , relatively little information is available on the corynephages, some of which have recently been investigated as possible basic replicons for vector development (Trautwetter et al., 1987a, b; P/trek et al., 1988) .
Interestingly, most of the phages of amino acidproducing corynebacteria have been isolated directly from infected fermenters where they have been reported to cause enormous damage (Kashima et al., 1976; Kato et al., 1987) , or from the surroundings of amino acid production plants. Furthermore, they often have a limited host range among the amino acid-producing corynebacterial strains (Trautwetter et al., 1987b; Haroutunian et al., 1984 Haroutunian et al., , 1986 which are all regarded as closely related bacteria (Kinoshita, 1985; Grund, 1987) . Recently we tried to isolate corynephages for phage typing of amino acid-producing corynebacteria from the natural habitats of these bacteria, i.e. soil and waste water, but did not succeed (Sonnen et al., 1990) . We demonstrated, however, that one of the industrial strains we used as indicators, Brevibacterium flavum ATCC 14067, was lysogenic with ~bGA1. At present, ~bGA1 has to be regarded as a 'defective phage' or 'phage-like particle ' (PAtek et al., 1985) : in spite of several features typical for phages of the Siphoviridae family (inducible DNA-containing virions of the BI morphotype, 48-1 kb linear dsDNA genome with cohesive ends), ~GA1 was observed neither to lyse its host culture upon induction nor to form plaques on any of 18 strains tested as indicators (the current number of strains tested is 60; H. Sonnen, unpublished data) .
In this paper we describe the virulent phage Cog (Ackermann & Dubow, 1987) which was isolated together with its host strain, Corynebacterium glutamicum LP-6, from pig manure. The possible impact of the relationship between Cog and ~bGAI at the genome level on fermenter infections will be discussed.
Methods
Bacteria and phages. Corynephage Cog and its host strain C. glutamicum LP-6 were generously provided by H.-W. Ackermann (F61ix d'H6relle Reference Center for Bacterial Viruses, Quebec, Canada; Ackermann et al., 1982) ; Cog was isolated originally by L. Berthiaume (Qu6bec) from pig manure. No further information is: available on the phage or its host strain (Ackermann & Dubow, 1987) . Corynephage BFB10 (Pfitek et al., 1988) and its host strain B. flavum ATCC 21127 were kindly provided by M. Pfitek (Prague, Czechoslovakia). The origin of q~GA1 and the other bacterial strains used in this work, as well as the methods of cultivation and host range studies, were described recently (Sonnen et al., 1990) . Phage adsorption studies were carried out as described by Adams (1959) , assaying the amount of unadsorbed phages; the adsorption kinetics were not determined. Excretion of lysine by C. glutamicum LP-6 was monitored by overlaying, overnight-grown colonies on MM agar plates (Katsumata et al., 1984) with a lawn of the lysine-auxotrophic mutant strain 302.21.1-3B of H. Sonnen, J. Schneider and H. J. Kutzner Saccharomyces cerevisiae (kindly provided by F. K. Zimmermann, Darmstadt). Biotin auxotrophy was tested on MM agar plates with and without 50 txg/l biotin.
DNA analysis. Isolation, restriction analysis and hybridization of DNA with biotinylated probes were carried out as described by Schneider & Kutzner (1989a) and Sonnen et al. (1990) . Mapping of DNA homology by hybridization was performed according to Schneider & Kutzner (1989b) . Hybridizations were carried out in 6 x SSC (1 x SSC is 0.15 M-NaCI, 0.015 ~l-trisodium citrate, pH 7.0) at 60 °C; washing conditions for the determination of hybridization stringency (Meinkoth & Wahl, 1984) were 0.2 x SSC, 60 °C for mediumstringency (homology > 80~) and 0.05 x SSC, 60 °C for high stringency (homology >90~). The base composition of the phage DNA was determined according to Schneider et al. (1989) . ~GA1 DNA was prepared after u.v. induction of 1 to 21 broth cultures of B. flavum ATCC 14067 as described by Sonnen et al. (1990) , yielding 1 to 5 Ixg phage DNA per 11 of induced culture. The cohesive ends of the Cog genome were mapped by comparing the restriction fragment pattern of phage DNA which had or had not been heat-treated (70 °C for 15 min) prior to agarose gel electrophoresis.
Electron microscopy. Phage particles were observed with a Zeiss EM-109 electron microscope as described by Sonnen et al. (1990) . For thin section electron microscopy the methods described by Sabatini et al. (1963) and Majumdar et aL (1988) were applied. Fig. 3 ). . Hybridization between Cog DNA and q~GA1 DNA. The grey area represents hybridization under medium stringency conditions, the dotted area hybridization under high stringency conditions. (a) ~GAI DNA was used as biotinylated probe, homology was mapped on the Cog restriction map; enzymes used were as in Fig. 2 . (b) Cog DNA was used as biotinylated probe, homology was mapped on the q~GA1 restriction map (Sonnen et al., 1990) ; enzymes used were as follows: A, Apal; B, BgllI; K, Kpnl; S, SacI; Sc, ScaI; Sin, SmaI; X, XbaI.
Results

The host range of Cog
although it has to be noted that this strain is not lysed by the phage. In contrast, even prolonged incubation (1.5 h) of Cog with B. flavum did not result in any reduction of the phage titre. The host range of Cog could not be enlarged by using high phage titres (up to 10 ~° p.f.u, per spot) in order to overcome possible restriction barriers (Katsumata et al., 1984) . Despite the inability of Cog to lyse any corynebacterial strain tested other than C. glutamicum LP-6, the latter could be shown to belong to the cluster of amino acidproducing corynebacteria (Grund, 1987) by various tests (data not shown), including the excretion of lysine and the requirement for biotin.
Characterization of Cog and its relationship with dpGA1
The Cog virion (Fig. 1 b) showed a morphology similar to that of other bacteriophages of amino acid-producing corynebacteria (Kato et al., 1984; Haroutunian et al., 1984 Haroutunian et al., , 1986 Trautwetter et al., 1987b; PAtek et al., 1988; Sonnen et al., 1990) : it is of B1 morphotype (Ackermann & Eisenstark, 1974) with an isometric head of 52 nm in diameter and a tail length of 190 nm; the latter is considerably shorter than the tail of CGA1 (Fig. 1 c) . Cog has a linear dsDNA genome of 39.7 kb with cohesive ends and a base composition of53% G +C, which is very similar to that of its host (55% G+C). The DNA was analysed with 30 different restriction enzymes (data not shown) some of which were used to establish a restriction map (Fig. 2) . No similarities between the latter and the map of tkGA1 could be detected (Fig. 3) as most of the restriction enzymes used to map CGA 1 were not suitable for mapping the Cog DNA (see Fig. 2 legend) .
Southern blot hybridization of restricted phage DNA with biotinylated DNA probes revealed a close relationship between Cog and tpGA 1, resulting in different types of homology patterns depending on which phage genome was used as the probe. Biotinylated DNA of ~bGA1 hybridized with all restriction fragments of Cog at medium stringency; however, at high stringency, only some of the fragments gave a strong hybridization signal and it was thus possible to map regions of strong and less strong homology between the two phages on the Cog restriction map (Fig. 3 a) . When biotinylated Cog DNA was hybridized with CGA1, differences were again observed at medium and high stringency and these could be localized on the CGA1 restriction map (Fig. 3b) ; in addition, a number of fragments all located within the central region of the ~bGA1 genome did not hybridize to any degree with the Cog DNA. This area of about 7 kb correlates with the differences in length between the two genomes (¢GA1, 48.1 kb; Cog, 39.7 kb).
Only one of the phages of amino acid-producing corynebacteria described by other authors could be obtained for similar homology studies: the corynephage BFB10 (Pfitek et al., 1988) which infects B.flavum ATCC 21127 but none of the other strains tested. No homology could be detected between this phage and Cog; however, BFB10 hybridized with the central region (see above) of the ~bGA1 genome (data not shown).
Discussion
In this contribution we describe the virulent C. glutamicum phage Cog as a typical member of the Siphoviridae family of bacteriophages. Furthermore, we demonstrated a relationship at the DNA level between this phage and ~bGA1, an inducible phage particle from B. flavum. So far, we cannot explain the 'circular permutation' of the region of strong homology between the two phage genomes: it is separated by the cohesive ends in the case of CGA1 whereas it is found in one stretch at the left end of the linear Cog DNA.
Partial DNA homologies between different bacteriophage genomes as described here are commonly observed among phages infecting members of the same bacterial host group. They have, for example, been described for phages of B. flavum (Haroutunian et al., 1986) , Streptomyces (Diaz et al., 1989; Schneider et aL, 1990) , Saccharopolyspora (Schneider & Kutzner, 1989a, b) , lactic acid bacteria (Braun et al., 1989) , Pseudomonas (Krylov et al., 1985) and enterobacteria.
Detailed studies Of phages of the latter, namely 2, P22 and relatives, led to the idea of modular organization and evolution of bacteriophage genomes (Botstein, 1980; Campbell & Botstein, 1983) . According to this theory small functional genetic units (modules) can be distributed independently among bacteriophage genomes which are not necessarily closely related. If two bacteriophages happen to have one or several of their modules in common, this will result in partial homologies detectable in hybridization studies. Recombination between such partially homologous phages, either by homologous recombination or by module exchange mediated by the recombination spacers postulated by Campbell & Botstein (1983) , can result in new, viable bacteriophages with altered phenotypes.
We believe that this genetic exchange might be one major reason for the continuous appearance of 'new' phages in amino acid fermentations. Amino acids are low cost products and, as in similar industrial processes (Sanders, 1987; Teuber & Loof, 1987; , expensive measures against phage contamination, mainly resulting from the ventilation of the fermenter and the fermentation substrate, are not practicable. A variety of phages might thus be introduced into the culture some of which should be able to inject their DNA into the bacteria without necessarily establishing a proper infection (lysis or lysogenization). Only recently, McHenney & Baltz (1988) demonstrated that phage FP43 is able not only to lyse a variety of Streptomyces species but also to inject its DNA without subsequent lysis or lysogenization into others as well as representatives of Chainia, Streptoverticillium and Saccharopolyspora.
It seems that such phages will often find prophages or the DNA of phage-like particles within the amino acidproducing corynebacteria. After induction with mitomycin C, Kato et al. (1984 Kato et al. ( , 1987 and Pfitek et al. (1985) detected a great variety of inducible phage-like particles with long or medium length tails, some even with contractile sheaths, in about 20% of the strains investigated. Preliminary studies in our laboratory (H. Sonnen, unpublished data) revealed similar findings, even demonstrating that different phage-like particles can be induced from one strain depending on the use of mitomycin C or u.v. irradiation as the inducer. Unfor-tunately, the many phages resulting from industrial phage infections are not readily available for our studies and future work will therefore be aimed at mimicking fermentation conditions to achieve and observe such events.
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